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(54) SOURCE VOLTAGE CONVERSION CIRCUIT AND ITS CONTROL METHOD, DISPLAY, AND 
PORTABLE TERMINAL 



(57) In a power supply voltage converting circuit us- 
ing a charge pump circuit having a switch device (Nch 
MOS transistor Qn(12) and Pch MOS transistor Qp( 12)) 
in an output unit, a first clamp circuit (13) diode-clamps 
a switching pulse voltage (control pulse voltage) for the 
switch device at the time of starting the power supply 
voltage converting circuit, and a second clamp circuit 
(16) clamps the switching pulse voltage at a ground level 
(negative side circuit power supply potential) on the ba- 



sis of a clamp pulse obtained by using an output voltage 
Vout at the time of an end of the starting process. A suf- 
ficient driving voltage is thereby provided for the Pch 
MOS transistor Qp(1 2) in particular. Thus, a power sup- 
ply voltage converting circuit that can obtain a high cur- 
rent capacity on a small-area circuit scale, a control 
method thereof, a display apparatus having the power 
supply voltage converting circuit as a power supply cir- 
cuit, and a portable terminal having the display appara- 
tus are provided. 
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Description 

Technical Field 

[0001] The present invention relates to a power sup- 
ply voltage converting circuit, a control method thereof, 
a display apparatus, and a portable terminal, and par- 
ticularly to a power supply voltage converting circuit us- 
ing a charge pump circuit, a control method thereof, a 
display apparatus having the power supply voltage con- 
verting circuit as a power supply circuit, and a portable 
terminal having the display apparatus. 

Background Art 

[0002] Portable terminals such as portable tele- 
phones and PDAs (Personal Digital Assistants) have re- 
cently spread remarkably. One of factors in the rapid 
spread of these portable terminals is a liquid crystal dis- 
play apparatus mounted as an output display unit of the 
portable terminals. The reason is that in principle, the 
liquid crystal display apparatus has a characteristic of 
not requiring much power for driving the liquid crystal 
display apparatus and is therefore a display device of 
low power consumption. 

[0003] A portable terminal uses a single power supply 
voltage battery as a power supply. On the other hand, a 
logic unit and an analog unit of a horizontal driving circuit 
for writing information to each of pixels arranged in a 
matrix manner through a signal line in the liquid crystal 
display apparatus use different direct-current voltages. 
A vertical driving circuit for selecting the pixels by a unit 
of a row uses a direct-current voltage of a greater abso- 
lute value than the horizontal driving circuit. Accordingly, 
the liquid crystal display apparatus mounted in the port- 
able terminal uses a power supply voltage converting 
circuit, or a so-called DC-to-DC converter (hereinafter 
described, as a DD converter) for converting a single 
direct-current voltage into a plurality of direct-current 
voltages of different voltage values. 
[0004] A conventional DD converter in a liquid crystal 
display apparatus generally uses an inductor L. Howev- 
er, with a recent reduction in power consumption and 
size of portable terminals, DD converters of a charge 
pump type have often been used. Although a charge 
pump type DD converter has a relatively low current ca- 
pacity, the charge pump type DD converter does not re- 
quire use of the inductor L as an external component. 
The charge pump type DD converter therefore has an 
advantage of being able to contribute to reducing the 
size of the portable terminal. 

[0005] FIG. 1 shows a configuration of a charge pump 
type DD converter of a negative voltage generating type 
according to a first conventional example. 
[0006] In FIG. 1 , a Pch MOS transistor Qp1 01 and an 
Nch MOS transistor Qn1 01 are connected in series with 
each other between a power supply for supplying a sin- 
gle direct-current voltage VCC and a ground (GND). The 



Pch MOS transistor Qp1 01 and the Nch MOS transistor 
Qn101 have gates connected to a common point, thus 
forming a CMOS inverter 101. A pulse generating 
source 1 02 applies a switching pulse of a predetermined 
5 frequency to the gate common connection point of the 
CMOS inverter 101. 

[0007] A drain common connection point (node A) of 
the CMOS inverter 101 is connected with one end of a 
capacitor C101. Another end of the capacitor C101 is 

10 connected with an anode of a diode D 101 and a cathode 
of a diode D1 02. A cathode of the diode D1 01 is ground- 
ed. A load capacitor C102 is connected between an an- 
ode of the diode D102 and the ground. 
[0008] In the thus formed DD converter of the nega- 

15 tive voltage generating type, the power supply voltage 
VCC multiplied by -1, that is, a negative direct-current 
voltage -VCC is derived across the load capacitor C102 
in principle. 

[0009] FIG. 2 shows a configuration of a charge pump 

20 type DD converter of a voltage raising type according to 
the first conventional example. Fundamental configura- 
tion of the charge pump type DD converter of the voltage 
raising type is the same as that of the charge pump type 
DD converter of the negative voltage generating type. 

25 Specifically, in FIG. 2, the DD converter of the voltage 
raising type is different from the DD converter of the neg- 
ative voltage generating type of FIG. 1 only in that a di- 
ode D101 is connected between another end of a ca- 
pacitor C1 01 and a power supply (VCC). In the DD con- 

30 verter of the voltage raising type, twice the power supply 
voltage VCC, that is, a direct-current voltage 2 x VCC 
is derived across a load capacitor C 102 in principle. 
[0010] However, since the thus formed charge pump 
type DD converters according to the first conventional 

35 example use clamping by the diode D101, an output 
voltage Vout does not reach the voltage value of the 
power supply voltage VCC multiplied by -1 or 2 even 
under no load, and is shifted by twice a threshold voltage 
Vth of the diode, as is clear from timing charts of FIG. 3 

40 and FIG. 4. The timing charts of FIG. 3 and FIG. 4 show 
signal waveforms A to C at nodes A to C, respectively, 
in the circuits of FIG. 1 and FIG. 2, respectively. 
[0011] The problem of the first conventional example 
has been improved by charge pump type DD converters 

45 according to a second conventional example as shown 
in FIG. 5 and FIG. 6. In FIG. 5 and FIG. 6, the same 
parts as in FIG. 1 and FIG. 2 are identified by the same 
reference numerals. FIG. 5 shows the DD converter of 
a negative voltage generating type, while FIG. 6 shows 

50 the DD converter of a voltage raising type. Fundamental 
configurations of the two DD converters are the same. 
[001 2] The DD converter of the negative voltage gen- 
erating type will first be described. In FIG. 5, another 
end of a capacitor C1 01 is connected with a drain of an 

55 Nch MOS transistor Qn102 and a source of a Pch MOS 
transistor Qp102. A load capacitor C102 is connected 
between a source of the Nch MOS transistor Qn 102 and 
a ground. A drain of the Pch MOS transistor Qp102 is 
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grounded. 

[0013] A gate common connection point of a CMOS 
inverter 101 is connected with one end of a capacitor 
C103. Another end of the capacitor C103 is connected 
with an anode of a diode D101 and gates of the Nch 5 
MOS transistor Qn102 and the Pch MOS transistor 
Qp102. A cathode of the diode D101 is grounded. 
[0014] In the thus formed DD converter of the nega- 
tive voltage generating type, an output voltage Vout 
reaches the voltage value of a power supply voltage 10 
VCC multiplied by -1 at no load, as is clear from a timing 
chart of FIG. 7. 

[001 5] On the other hand, the DD converter of the volt- 
age raising type shown in FIG. 6 is different from the DD 
converter of the negative voltage generating type shown 15 
in FIG. 5 only in that switching transistors Qp103 and 
Qn103 are of an opposite conduction type; and a diode 
D101 is connected between another end of a capacitor 
C101 and a power supply (VCC). In the DD converter 
of the voltage raising type , an output voltage Vout reach- 20 
es the voltage value of twice a power supply voltage 
VCC at no load. 

[001 6] The timing chart of FIG. 7 and a timing chart of 
FIG. 8 show signal waveforms A to C at nodes A to C, 
respectively, in the circuits of FIG. 5 and FIG. 6, respec- 25 
tively. 

[0017] However, the thus formed charge pump type 
DD converter according to the second conventional ex- 
ample clamps switching pulse voltage for the switching 
transistors (MOS transistors Qn1 02 and Qp1 02), that is, 30 
voltage level of a node D at a voltage value resulting 
from a shift by a threshold voltage Vth of the diode D1 01 . 
Therefore, a sufficient driving voltage may not be pro- 
vided for the switching transistors, particularly the Pch 
MOS transistor Qp1 02. 35 
[001 8] Thus, transistor size of the Pch MOS transistor 
Qp102 needs to be set large. The increase in the tran- 
sistor size results in a problem such as an increase in 
circuit area or a decrease in current capacity. In addition, 
when pumping operation is stopped temporarily in a *o 
power saving mode or the like, the clamped level of the 
switching pulse voltage is varied with a change in a duty 
ratio of the switching pulse. This results in a problem 
such as a decrease in current capacity. 
[0019] The above problem becomes serious both 45 
when a threshold value Vth of the transistor is great and 
when variation in the threshold value Vth is great. When 
a circuit is formed on a glass substrate by using thin film 
transistors (TFTs), for example, the problem is an im- 
portant consideration. It is known that amorphous silicon 50 
and polysilicon used to form the thin film transistors have 
inferior crystallinity and inferior controllability of the con- 
ducting mechanism to single-crystal silicon, and thus 
the formed thin film transistors have great variations in 
characteristics. 55 
[0020] It is accordingly an object of the present inven- 
tion to provide a power supply voltage converting circuit 
that can obtain a high current capacity on a small-area 



circuit scale, a control method thereof, a display appa- 
ratus having the power supply voltage converting circuit 
as a power supply circuit, and a portable terminal having 
the display apparatus. 

Disclosure of Invention 

[0021] In order to achieve the above object, according 
to the present invention, there is provided a power sup- 
ply voltage converting circuit using a charge pump cir- 
cuit having a switch device in an output unit, the power 
supply voltage converting circuit including: a first clamp 
circuit for diode-clamping a control pulse voltage for the 
switch device at the time of a start; and a second clamp 
circuit for clamping the control pulse voltage at a circuit 
power supply potential at the time of an end of the start 
process. The power supply voltage converting circuit is 
used as a power supply circuit of a display apparatus. 
The display apparatus including the power supply volt- 
age converting circuit is used as a display unit of a port- 
able terminal. 

[0022] In the thus formed power supply voltage con- 
verting circuit, the first clamp circuit diode-clamps the 
control pulse voltage at the time of a start (at the time 
of turning on power), whereby the voltage value of the 
control pulse voltage is clamped at a potential resulting 
from a shift by a threshold voltage of the diode from the 
circuit power supply potential. The switch device in the 
output unit operates on the basis of the control pulse, 
whereby an output voltage is derived. At the time of an 
end of the start process, the voltage value of the control 
pulse voltage is clamped at the circuit power supply po- 
tential. Thus, in subsequent pumping operation of the 
charge pump circuit, a sufficient driving voltage is pro- 
vided for the switch device. 

Brief Description of Drawings 

[0023] 

FIG. 1 is a circuit diagram showing a configuration 
of a charge pump type DD converter of a negative 
voltage generating type according to a first conven- 
tional example. 

FIG. 2 is a circuit diagram showing a configuration 
of a charge pump type DD converter of a voltage 
raising type according to the first conventional ex- 
ample. 

FIG. 3 is a timing chart of assistance in explaining 
circuit operation of the charge pump type DD con- 
verter of the negative voltage generating type ac- 
cording to the first conventional example. 
FIG. 4 is a timing chart of assistance in explaining 
circuit operation of the charge pump type DD con- 
verter of the voltage raising type according to the 
first conventional example. 

FIG. 5 is a circuit diagram showing a configuration 
of a charge pump type DD converter of the negative 
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voltage generating type according to a second con- 
ventional example. 

FIG. 6 is a circuit diagram showing a configuration 
of a charge pump type DD converter of the voltage 
raising type according to the second conventional 5 
example. 

FIG. 7 is a timing chart of assistance in explaining 
circuit operation of the charge pump type DD con- 
verter of the negative voltage generating type ac- 
cording to the second conventional example. 10 
FIG. 8 is a timing chart of assistance in explaining 
circuit operation of the charge pump type DD con- 
verter of the voltage raising type according to the 
second conventional example. 

FIG. 9 is a circuit diagram showing an example of 15 
configuration of a charge pump type DD converter 
of the negative voltage generating type according 
to an embodiment of the present invention. 
FIG. 10 is a timing chart of assistance in explaining 
circuit operation of the charge pump type DD con- 20 
verter of the negative voltage generating type ac- 
cording to the embodiment of the present invention. 
FIG. 11 is a circuit diagram showing an example of 
configuration of a charge pump type DD converter 
of the voltage raising type according to an embod- 25 
iment of the present invention. 
FIG. 12 is a timing chart of assistance in explaining 
circuit operation of the charge pump type DD con- 
verter of the voltage raising type according to the 
embodiment of the present invention. 30 
FIG. 13 is a schematic diagram showing an exam- 
ple of configuration of a display apparatus accord- 
ing to the present invention. 
FIG. 14 is a circuit diagram showing an example of 
configuration of a display area unit of the liquid crys- 35 
tai display apparatus. 

FIG. 15 is a block diagram showing an example of 
configuration of an active matrix type liquid crystal 
display apparatus according to a first application ex- 
ample: 4 0 
FIG. 1 6 is a schematic block diagram showing a dis- 
play apparatus that selectively uses a power saving 
mode. 

FIG. 17 is a circuit diagram showing a configuration 
of a charge pump type DD converter of the negative 45 
voltage generating type according to a first practical 
application example. 

FIG. 18 is a circuit diagram showing a configuration 
of a charge pump type DD converter of the voltage 
raising type according to the first practical appiica- 50 
tion example. 

FIG. 19 is a circuit diagram showing a configuration 
of a charge pump type DD converter of the negative 
voltage generating type according to a second prac- 
tical application example. 55 
FIG. 20 is a timing chart of assistance in explaining 
circuit operation of the charge pump type DD con- 
verter of the negative voltage generating type ac- 



cording to the second practical application exam- 
ple. 

FIG. 21 is a circuit diagram showing a configuration 
of a charge pump type DD converter of the voltage 
raising type according to the second practical appli- 
cation example. 

FIG. 22 is a timing chart of assistance in explaining 
circuit operation of the charge pump type DD con- 
verter of the voltage raising type according to the 
second practical application example. 
FIG. 23 is a circuit diagram showing a configuration 
of a charge pump type DD converter of the negative 
voltage generating type according to a third practi- 
cal application example. 

FIG. 24 is a timing chart of assistance in explaining 
circuit operation of the charge pump type DD con- 
verter of the negative voltage generating type ac- 
cording to the third practical application example. 
FIG. 25 is a circuit diagram showing a configuration 
of a charge pump type DD converter of the voltage 
raising type according to the third practical applica- 
tion example. 

FIG. 26 is a timing chart of assistance in explaining 
circuit operation of the charge pump type DD con- 
verter of the voltage raising type according to the 
third practical application example. 
FIG. 27 is a circuit diagram showing a configuration 
of a charge pump type DD converter of the negative 
voltage generating type according to a fourth prac- 
tical application example. 

FIG. 28 is a timing chart of assistance in explaining 
circuit operation of the charge pump type DD con- 
verter of the negative voltage generating type ac- 
cording to the fourth practical application example. 
FIG. 29 is a circuit diagram showing a configuration 
of a charge pump type DD converter of the voltage 
raising type according to the fourth practical appli- 
cation example. 

FIG. 30 is a timing chart of assistance in explaining 
circuit operation of the charge pump type DD con- 
verter of the voltage raising type according to the 
fourth practical application example. 
FIG. 31 is a block diagram illustrating an example 
of supplying a switching pulse to a power supply cir- 
cuit formed by a charge pump type DD converter. 
FIG. 32 is a block diagram illustrating another ex- 
ample of supplying a switching pulse to a power 
supply circuit formed by a charge pump type DD 
converter. 

FIG. 33 is a block diagram showing an example of 
configuration of an active matrix type liquid crystal 
display apparatus according to a second applica- 
tion example. 

FIG. 34 is a circuit diagram showing a configuration 
of a charge pump type DD converter of the negative 
voltage generating type according to a fifth practical 
application example. 

FIG. 35 is a timing chart of assistance in explaining 
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circuit operation of the charge pump type DD con- 
verter of the negative voltage generating type ac- 
cording to the fifth practical application example. 
FIG. 36 is a circuit diagram showing a configuration 
of a charge pump type DD converter of the voltage 5 
raising type according to the fifth practical applica- 
tion example. 

FIG. 37 is a timing chart of assistance in explaining 
circuit operation of the charge pump type DD con- 
verter of the voltage raising type according to the 10 
fifth practical application example. 
FIG. 38 is a circuit diagram showing a configuration 
of a charge pump type DD converter of the negative 
voltage generating type according to a sixth practi- 
cal application example. 15 
FIG. 39 is a circuit diagram showing a configuration 
of a charge pump type DD converter of the voltage 
raising type according to the sixth practical applica- 
tion example. 

FIG. 40 is a circuit diagram showing a configuration 20 
of a charge pump type DD converter of the negative 
voltage generating type according to a seventh 
practical application example. 
FIG. 41 is a circuit diagram showing a configuration 
of a charge pump type DD converter of the voltage 25 
raising type according to the seventh practical ap- 
plication example. 

FIG. 42 is a schematic external view of configura- 
tion of a portable telephone, or a portable terminal 
according to the present invention. 30 

Best Mode for Carrying out the Invention 

[0024] Preferred embodiments of the present inven- 
tion will hereinafter be described in detail with reference 35 
to the drawings. FIG. 9 is a circuit diagram showing an 
example of configuration of a charge pump type DD con- 
verter of a negative voltage generating type, which con- 
verter is a power supply voltage converting circuit ac- 
cording to an embodiment of the present invention. *o 
[0025] In FIG. 1, a Pch MOS transistor Qp11 and an 
Nch MOS transistor Qn11 are connected in series with 
each other between a power supply for supplying a sin- 
gle direct, current power supply voltage VCC and a 
ground (GND). The Pch MOS transistor Qp11 and the 45 
Nch MOS transistor Qn11 have gates connected to a 
common point, thus forming a CMOS inverter 11. A 
pulse generating source 12 applies a switching pulse of 
a predetermined frequency to the gate common connec- 
tion point of the CMOS inverter 11 . 50 
[0026] A drain common connection point (node B) of 
the CMOS inverter 11 is connected with one end of a 
capacitor C11 . Another end of the capacitor C11 is con- 
nected with a switch device, for example a drain of an 
Nch MOS transistor Qn 1 2 and a source of a P MOS tran- 55 
sistor Qp 1 2. A load capacitor C 1 2 is connected between 
a source of the Nch MOS transistor Qn12 and the 
ground. 



[0027] The gate common connection point of the 
CMOS inverter 11 is connected with one end of a ca- 
pacitor C13. Another end of the capacitor C13 is con- 
nected with an anode of a diode D11. The diode D11 
has a cathode grounded, and thus forms a first clamp 
circuit 13. The other end of the capacitor C13 is also 
connected with gates of the Nch MOS transistor Qn12 
and the Pch MOS transistor Qp12. A drain of the Pch 
MOS transistor Qp12 is grounded. 
[0028] A Pch MOS transistor Qp13 is connected be- 
tween the other end of the capacitor C13 and the 
ground. A gate of the Pch MOS transistor Qp13 is sup- 
plied with a clamp pulse generated by a pulse generat- 
ing source 14 and shifted in level by a level shift circuit 
1 5. The Pch MOS transistor Qp1 3, the pulse generating 
source 14, and the level shift circuit 15 form a second 
clamp circuit 16 for clamping a switching pulse voltage 
for the switching transistors (Nch MOS transistor Qn12 
and Pch MOS transistor Qp12). 

[0029] The level shift circuit 15 in the-second clamp 
circuit 16 uses the power supply voltage VCC inputted 
to the DD converter as a positive side circuit power sup- 
ply and an output voltage Vout of the present circuit de- 
rived from across the load capacitor C12 as a negative 
side circuit power supply. The level shift circuit 15 shifts 
level of the clamp pulse of a first amplitude (VCC - 0 [V]) 
generated by the pulse generating source 14 to that of 
a clamp pulse of a second amplitude (VCC - Vout [V]), 
and then supplies the clamp pulse to the gate of the Pch 
MOS transistor Qp13. Thus, the Pch MOS transistor 
Qp13 performs switching operation more reliably. 
[0030] Circuit operation of the thus formed charge 
pump type DD converter of the negative voltage gener- 
ating type will next be described with reference to a tim- 
ing chart of FIG. 10. Wavefoms A to G in the timing chart 
represent signal waveforms at nodes A to G, respective- 
ly, in the circuit of FIG. 9. 

[0031] At the time of turning on power (at the time of 
a start), the diode D11 first H H M -level-clamps an output 
potential of the capacitor C13, that is, a potential of the 
node D based on the switching pulse generated by the 
pulse generating source 12 to a potential obtained by a 
level shift by a threshold voltage Vth of the diode D11 
from a ground (GND) level, or a potential of a negative 
side circuit power supply. 

[0032] When the switching pulse is at an W L" level (0 
V), the Pch MOS transistors Qp11 and Qp12 are in an 
on state, and therefore the capacitor C11 is charged. In 
this case, the Nch MOS transistor Qn 11 is in an off state, 
and therefore a potential of the node B is at the VCC 
level. Then, when the switching pulse is at an "H" level 
(VCC), the Nch MOS transistors Qn11 and Qn12 are in 
an on state, and the potential of the node B is at the 
ground level (0 V), so that a potential of the node C is 
at a -VCC level. The potential of the node C is passed 
through the Nch MOS transistor Qn12 as it is, and then 
becomes the output voltage Vout (= -VCC). 
[0033] Next, when the output voltage Vout rises to a 
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certain degree (at the time of an end of the starting proc- 
ess), the level shift circuit 1 5 for the clamp pulse begins 
to operate. When the level shift circuit 15 begins to op- 
erate, the level shift circuit 15 shifts level of the clamp 
pulse of the amplitude VCC - 0 [V] generated by the 
pulse generating source 14 to that of a clamp pulse of 
the amplitude VCC - Vout [V], and thereafter applies the 
clamp pulse to the gate of the Pch MOS transistor Qp1 3. 
[0034] In this case, since the "L" level of the clamp 
pulse is the output voltage Vout, that is, -VCC, the Pch 
MOS transistor Qp1 3 is reliably brought into an on state. 
Thus, the potential of the node D is clamped at the 
ground level (negative side circuit power supply poten- 
tial) rather than the potential obtained by the level shift 
by the threshold voltage Vth of the diode D11 from the 
ground level. Thus, in subsequent pumping operation, 
a sufficient driving voltage is provided for the Pch MOS 
transistor Qp12 in particular. 

[0035] As described above, the control pulse (switch- 
ing pulse) voltage for the switch device (Nch MOS tran- 
sistor Qn12 and Pch MOS transistor Qp12) provided in 
the output unit of the DD converter using a charge pump 
circuit is clamped in two separate stages, for example 
first clamped by the diode D11 of the frrst clamp circuit 
13 at the time of starting the present circuit and then 
clamped by the second clamp circuit 16 after the end of 
the starting process. Thereby, a sufficient driving volt- 
age can be provided for the Pch MOS transistor Qp12 
in particular. 

[0036] Thus, since a sufficient switching current is ob- 
tained in the Pch MOS transistor Qp12, it is possible to 
perform stable DC-to-DC conversion operation and im- 
prove conversion efficiency. In particular, since a suffi- 
cient switching current is obtained without increasing 
transistor size of the Pch MOS transistor Qp12, it is pos- 
sible to realize a DD converter having a high current ca- 
pacity on a small-area circuit scale. Its effect is espe- 
cially great when a transistor with a high threshold value 
Vth. for example a thin film transistor is used. 
[0037] FIG. 11 shows an example of configuration of 
a charge pump type DD converter of a voltage raising 
type. Fundamental circuit configuration and circuit op- 
eration of the charge pump type DD converter of the volt- 
age raising type are the same as those of the charge 
pump type DD converter of the negative voltage gener- 
ating type shown in FIG. 9. 

[0038] Specifically, in FIG. 11, switching transistors 
and a second clamp transistor (MOS transistors Qp14, 
Qn14, and Qn13) are of an opposite conduction type 
from the MOS transistors Qn12, Qp12, and Qp13 in the 
circuit of FIG. 9; a diode D11 is connected between an- 
other end of a capacitor C11 and a power supply (VCC); 
and a level shift circuit 1 5 is configured to use an output 
voltage Vout of the present circuit as a positive side cir- 
cuit power supply and a ground level as a negative side 
circuit power supply. The circuit of FIG. 11 is different in 
configuration from the circuit of FIG. 9 only in that re- 
spect. 



[0039] The fundamental circuit operation of the 
charge pump type DD converter of the voltage raising 
type is also exactly the same as that of the DD converter 
of the negative voltage generating type shown in FIG. 

5 9. The circuit operation of the charge pump type DD con- 
verter of the voltage raising type is different from that of 
the DD converter of the negative voltage generating 
type shown in FIG. 9 only in that a switching pulse volt- 
age (control pulse voltage) is first diode-clamped at the 

10 time of a start and clamped at a VCC level (positive side 
circuit power supply potential) at the time of an end of 
the start process, and a voltage value 2 x VCC twice 
the power supply voltage VCC is derived as the output 
voltage Vout. FIG. 12 is a timing chart showing signal 

15 waveforms A to G at nodes A to G, respectively, in the 
circuit of FIG. 11. 

[First application example] 

20 [0040] The charge pump type DD converters (power 
supply voltage converting circuits) according to the fore- 
going embodiments are used as a power supply circuit 
of a display apparatus such as an active matrix type liq- 
uid crystal display apparatus formed by arranging pixels 

25 in a matrix manner which pixels each use a liquid crystal 
cell as an electrooptic device, for example. An example 
of configuration of the display apparatus is shown in 
FIG. 1 3. Description in the following will be made by tak- 
ing as an example an active matrix type liquid crystal 

30 display apparatus. 

[0041] In FIG. 13, a display area unit 22 formed by 
arranging a large number of pixels each including a liq- 
uid crystal cell in a matrix manner, a pair of upper and 
lower H drivers (horizontal driving circuits) 23U and 23D, 

35 and a V driver (vertical driving circuit) 24 are mounted 
on a transparent insulating substrate, for example a 
glass substrate 21. Peripheral circuits such as a power 
supply circuit 25 and a power saving mode control circuit 
26 are also integrated on the glass substrate 21. 

40 [0042] The glass substrate 21 is formed by a first sub- 
strate formed by arranging a large number of pixel cir- 
cuits each including an active device (for example a 
transistor) in a matrix manner and a second substrate 
disposed opposite at a predetermined distance from the 

45 first substrate. A liquid crystal display panel is formed 
by sealing a liquid crystal material between the first and 
second substrates. 

[0043] FIG. 14 shows an example of concrete config- 
uration of the display area unit 22. For simplicity of the 

50 figure, a pixel arrangement of three rows (an n - 1 row 
to an n + 1 row) and four columns (an m - 2 column to 
an m + 1 column) is taken as an example. The display 
area unit 22 in FIG. 14 has vertical scanning lines .... 
31 n - 1, 31n, 31n + 1, ... and data lines (signal lines) 

55 32m - 2, 32m - 1 , 32m, 32m + 1 , ... arranged in a matrix 
manner, and unit pixels 33 arranged at intersections of 
the vertical scanning lines and the data lines. 
[0044] The unit pixels 33 each have a thin film tran- 
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sistor (hereinafter described as a TFT) 34, which is a 
pixel transistor, a liquid crystal cell 35, which is an elec- 
trooptic device, and a retaining capacitance 36. The liq- 
uid crystal cell 35 in this case represents a liquid crystal 
capacity occurring between a pixel electrode (one elec- 
trode) formed at the TFT 34 and an opposite electrode 
(the other electrode) formed opposite to the pixel elec- 
trode. 

[0045] The TFTs 34 have gate electrodes connected 
to the vertical scanning lines 31 n - 1, 31 n, 31n + 1, ... 
and source electrodes connected to the data lines 
32m - 2, 32m - 1, 32m, 32m + 1, .... The pixel electrode 
of the liquid crystal cell 35 is connected to a drain elec- 
trode of the TFT 34, and the opposite electrode of the 
liquid crystal cell 35 is connected to a common line 37. 
The retaining capacitance 36 is connected between the 
drain electrode of the TFT 34 and the common line 37. 
The common line 37 is supplied with a predetermined 
direct-current voltage as a common voltage Vcom. 
[0046] One end of each of the vertical scanning 
lines .... 31 n - 1, 31 n, 31 n + 1, ... is connected to an out- 
put terminal of a corresponding row of the V driver 24 
shown in FIG. 13. The V driver 24 is formed by a shift 
register, for example. The V driver 24 sequentially gen- 
erates a vertical selection pulse in synchronism with a 
vertical transfer clock VCK (not shown), and supplies 
the vertical selection pulse to the vertical scanning 
lines 31 n- 1, 31 n, 31 n + 1, ... to thereby perform ver- 
tical scanning. 

[0047] One end of each of odd-numbered data 

lines .... 32m-1, 32m + 1 for example, in the display 

area unit 22 is connected to an output terminal of a cor- 
responding column of the H driver 23U shown in FIG. 
13, while another end of each of even-numbered data 
lines 32m - 2, 32m, ... is connected to an output ter- 
minal of a corresponding column of the H driver 23D 
shown in FIG. 13. A concrete example of configuration 
of the H drivers 23U and 23D is shown in FIG. 15. 
[0048] As shown in FIG. 15, the H driver 23U has a 
shift register 41 U, a sampling latch circuit (data signal 
input circuit) 42U, a line sequence forming latch circuit 
43U, and a DA converter circuit 44U. The shift register 
41 U sequentially outputs a shift pulse from each transfer 
stage in synchronism with a horizontal transfer clock 
HCK (not shown), thereby performing horizontal scan- 
ning. In response to the shift pulse supplied from the 
shift register 41 U, the sampling latch circuit 42U sam- 
ples and latches input digital image data of predeter- 
mined bits in dot sequence. 

[0049] The line sequence forming latch circuit 43U 
relatches, by a unit of a single line, the digital image data 
latched in dot sequence by the sampling latch circuit 
42U, thereby forming the digital image data into line se- 
quence, and then outputs the single line of digital image 
data simultaneously. The DA converter circuit 44U has 
a circuit configuration of a reference voltage selection 
type, for example. The DA converter circuit 44U con- 
verts the single line of digital image data outputted from 



the line sequence forming latch circuit 43U into an ana- 
log image signal, and then supplies the analog image 
signal to the data lines 32m - 2, 32m - 1 , 32m, 32m 
+ 1 , ... in the pixel area unit 22 described above. 
5 [0050] Exactly similar to the upper H driver 23U, the 
lower H driver 23D has a shift register 41 D, a sampling 
latch circuit 42D, a line sequence forming latch circuit 
43D, and a DA converter circuit 44D. It is to be noted 
that while the liquid crystal display apparatus according 
to the present example is configured such that the H 
drivers 23U and 23D are arranged at positions over and 
under the display area unit 22, the liquid crystal display 
apparatus according to the present example is not lim- 
ited to this; the H drivers 23U and 23D may be arranged 
only at either of the positions over and under the display 
area unit 22. 

[0051] As described above, peripheral circuits such 
as the power supply circuit 25 and the power saving 
mode control circuit 26 are also integrated on the same 
glass substrate 21 of the display area unit 22. In the case 
of a liquid crystal display apparatus configured such that 
the H drivers 23U and 23D are arranged at positions 
over and under the display area unit 22, for example, it 
is desirable to dispose the peripheral circuits such as 
the power supply circuit 25 and the power saving mode 
control circuit 26 in a frame area (a peripheral area of 
the display area unit 22) on sides where the H drivers 
23U and 23D are not mounted. 

[0052] The reason is that since as described above, 
the H drivers 23U and 23D have a large number of com- 
ponents as compared with the V driver 24 and thus often 
have a very large circuit area, by mounting the periph- 
eral circuits such as the power supply circuit 25 and the 
power saving mode control circuit 26 in a frame area on 
sides where the H drivers 23U and 23D are not mount- 
ed, the peripheral circuits such as the power supply cir- 
cuit 25 and the power saving mode control circuit 26 can 
be integrated on the same glass substrate 21 of the dis- 
play area unit 22 without decreasing an effective screen 
ratio (an area ratio of the effective area unit 22 to the 
glass substrate 21). 

[0053] Incidentally, since the active matrix type liquid 
crystal display apparatus according to the first applica- 
tion example has the V driver 24 integrated on one side 
of a frame area on sides where the H drivers 23U and 
23D are not mounted, the peripheral circuits such as the 
power supply circuit 25 and the power saving mode con- 
trol circuit 26 are integrated on the other side of the 
frame area on the sides. 

[0054] In this case, the charge pump type DD convert- 
ers (power supply voltage converting circuits) according 
to the foregoing embodiments are used as the power 
supply circuit 25. In integrating the power supply circuit 
25, since the TFT 34 is used as each of the pixel tran- 
sistors of the display area unit 22, TFTs are also used 
as transistors forming the power supply circuit 25, that 
is, the MOS transistors Qp11 to Qp13 and Qn11 to 
Qn1 3, as well as transistors forming the level shift circuit 
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15 and the like in the charge pump type DD converter 
shown in FIG. 9. By producing at least the transistor cir- 
cuits using the same process as that of the display area 
unit 22, the circuits are manufactured more easily and 
realized at lower cost. 

[0055] In particular, when of the transistor circuits, the 
diode D11 , the MOS transistors Qp1 2, Qp1 3, Qn1 2, and 
Qn13, and the transistors forming the level shift circuit 
1 5 required to withstand high voltage, except the CMOS 
transistor 11 which operates at 0 V - VCC, are formed 
by TFTs, device separation is not required. Therefore, 
the diode D11 , the MOS transistors Qp12, Qp13, Qn12, 
and Qn13, and the transistors forming the level shift cir- 
cuit 15 are produced more easily by using the same 
process as that of the display area unit 22. In this case, 
other transistor circuits and the like may be produced 
on a silicon chip on a substrate separate from the glass 
substrate 21. 

[0056] Integration of TFTs has become easier with a 
recent improvement in performance of TFTs and a de- 
crease in power consumption of TFTs. Thus, by integral- 
ly forming the power supply circuit 25, or at least the 
transistor circuits, in particular, on the same glass sub- 
strate 21 of the pixel transistors of the display area unit 
22 by the same process using TFTs, it is possible to re- 
duce cost as a result of the simplification of the manu- 
facturing process and also make the display apparatus 
thinner and more compact as a result of the integration. 
[0057] It is to be noted that while in the above appli- 
cation example, the charge pump type DD converters 
according to the foregoing embodiments are used as the 
power supply circuit 25 and the power supply circuit 25 
is formed integrally with the display area unit 22 on the 
glass substrate 21 , the power supply circuit 25 does not 
necessarily need to be formed integrally with the display 
area unit 22. Specifically, the power supply circuit 25 
may be used as a circuit external to the liquid crystal 
display apparatus, and also the power supply circuit 25 
may be formed on a substrate separate from the glass 
substrate 21. 

[0058] However, it is clear from the above description 
that the power supply circuit 25 is more advantageously 
formed integrally with the display area unit 22 on the 
same substrate. In addition, since the charge pump type 
DD converters according to the foregoing embodiments 
provide a high current capacity on a small-area circuit 
scale and produce very great effect especially when a 
transistor with a high threshold value Vth such as a TFT 
is used, forming the power supply circuit 25 integrally 
with the display area unit 22 on the same substrate 
greatly contributes to reducing the cost of a set including 
the liquid crystal display apparatus and making the set 
thinner and more compact. 

[0059] The power saving mode control circuit 26 in 
FIG. 1 3 and FIG. 1 5 is provided to selectively set a pow- 
er saving mode to reduce power consumption of the ap- 
paratus as a whole. As shown in FIG. 1 6, the power sav- 
ing mode control circuit 26 effects power saving mode 



control on the power supply circuit 25 on the basis of 
external information specifying the mode. In FIG. 16, for 
simplicity of the figure, the H drivers 23U and 23D and 
the V driver 24 are shown collectively in a single block 
5 (driver unit). 

(First practical application example of DD converter) 

[0060] FIG. 17 is a circuit diagram showing a first 

10 practical application example of the charge pump type 
DD converter of the negative voltage generating type 
according to the foregoing embodiment (see FIG. 9). In 
the figure, the same parts as in FIG. 9 are identified by 
the same reference numerals. 

15 [0061] A circuit configuration of FIG. 17 is exactly the 
same as that of FIG. 9 except that a two-input AND cir- 
cuit 17 is newly added in a stage preceding a CMOS 
inverter 11 in FIG. 17. The two-input AND circuit 17 re- 
ceives a switching pulse generated by a pulse generat- 
ed ing source 12 as one input, and receives, as the other 
input, a mode selection signal SEL at an W L M level sup- 
plied from the power saving mode control circuit 26 
shown in FIG. 16 at the time of the power saving mode. 
[0062] When the thus formed DD converter of the 

25 negative voltage generating type according to the first 
practical application example is supplied with the mode 
selection signal SEL at the "L n level at the time of the 
power saving mode, the AND circuit 17 stops supplying 
the switching pulse generated by the pulse generating 

30 source 12 to circuits within the DD converter. This tem- 
porarily stops pumping operation of the charge pump 
circuit. Therefore, current consumed by the circuits with- 
in the DD converter is reduced, thus saving power. 
[0063] Even when clock supply to the charge pump 

35 circuit is temporarily stopped by setting the power sav- 
ing mode, a control pulse (switching pulse) voltage for 
the switch device (Nch MOS transistor Qn12 and Pch 
MOS transistor Qp12) provided in the output unit is 
clamped in two separate stages at the time of a start 

40 and after an end of the start process, as described 
above. The clamped level at a node D is thereby stabi- 
lized. Therefore, it is possible to secure a sufficient cur- 
rent capacity even in a period of transition to a clock 
supply/stop, and thus it is possible to perform stable DC- 

45 to-DC conversion operation. 

[0064] FIG. 18 shows a configuration of a charge 
pump type DD converter of a voltage raising type ac- 
cording to the first practical application example. Fun- 
damental circuit configuration and circuit operation of 

50 the charge pump type DD converter of the voltage rais- 
ing type are the same as those of the charge pump type 
DP converter of the negative voltage generating type, 
and therefore description of the circuit configuration and 
circuit operation of the charge pump type DD converter 

55 of the voltage raising type will be omitted. 
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(Second practical application example of DD converter) 

[0065] FIG. 19 is a circuit diagram showing a second 
practical application example of the charge pump type 
DD converter of the negative voltage generating type 
according to the foregoing embodiment (see FIG. 9). In 
the figure, the same parts as in FIG. 9 are identified by 
the same reference numerals. The charge pump type 
DD converter according to the second practical applica- 
tion example has a function of regulating an output po- 
tential. 

[0066] The regulation circuit according to the second 
practical application example in FIG. 19 includes resist- 
ances R1 and R2 connected in series with each other 
between a circuit output terminal (node E) and a power 
supply (VCC) or a ground; a comparator 18 having a 
noninverting (+) input terminal connected to a voltage 
dividing point of the resistances R1 and R2, and an in- 
verting (-) input terminal supplied with a reference volt- 
age (ground level in this example); and an AND circuit 
19 disposed in a stage preceding a CMOS inverter 11. 
and receiving a switching pulse generated by a pulse 
generating source 12 as one input and a comparison 
output of the comparator 18 as another input. 
[0067] The configuration of FIG. 19 is exactly the 
same as the configuration of FIG. 9 except that the reg- 
ulation circuit is newly added. Also, charge pump oper- 
ation of the circuit of FIG. 19 is basically the same as 
that of the circuit of FIG. 9. FIG. 20 is a timing chart of 
assistance in explaining operation of the circuit of FIG. 
19. Waveforms A to H in the timing chart represent sig- 
nal waveforms at nodes A to H, respectively, in the cir- 
cuit of FIG. 19. 

[0068] The comparator 1 8 in the thus formed DD con- 
verter of the negative voltage generating type according 
to the second practical application example compares 
an output voltage Vout with the reference voltage (for 
example ground level). The AND circuit 18 controls the 
supplying/stopping of a switching pulse on the basis of 
a result of the comparison, whereby circuit operation for 
regulation of the output voltage Vout to the ground level 
(0 V), for example, is performed. When the output volt- 
age Vout becomes lower than a target voltage, feedback 
is effected so as to stop the supply of the switching 
pulse. As a result, a target voltage value determined by 
a voltage dividing ratio of the resistances R1 and R2 is 
obtained as the output voltage Vout. 
[0069] Even when clock supply to the charge pump is 
temporarily stopped by the regulation operation, a con- 
trol pulse (switching pulse) voltage for the switch device 
(Nch MOS transistor Qn12 and Pch MOS transistor 
Qp12) is clamped in two separate stages at the time of 
a start and after an end of the start process, as described 
above. The clamped level at a node D is thereby stabi- 
lized. Therefore, it is possible to perform stable regula- 
tion operation. 

[0070] FIG. 21 shows a configuration of a charge 
pump type DD converter of a voltage raising type ac- 



cording to the second practical application example. 
FIG. 22 is a timing chart of assistance in explaining op- 
eration of the circuit of FIG. 21 . Waveforms A to H in the 
timing chart represent signal waveforms at nodes A to 

5 H, respectively, in the circuit of FIG. 21 . 

[0071] A comparator 18 in the DD converter of the 
voltage raising type compares an output voltage Vout 
with a reference voltage (for example a reference volt- 
age Vref). An AND circuit 1 8 controls the supplying/stop- 

10 ping of a switching pulse on the basis of a result of the 
comparison, whereby circuit operation for regulation of 
the output voltage Vout to a ground level (0 V), for ex- 
ample, is performed. 

[0072] When the output voltage Vout becomes higher 
15 than a target voltage, the DD converter of the voltage 
raising type effects feedback so as to stop the supply of 
the switching pulse. As a result, a target voltage value 
determined by a voltage dividing ratio of resistances R1 
and R2 is obtained as the output voltage Vout. The other 
20 circuit operation is basically the same as that of the 
charge pump type DD converter of the negative voltage 
generating type. 

[0073] As with the DD converter according to the fore- 
going embodiment (see FIG. 9), the DD converters 

25 (power supply voltage converting circuits) according to 
the first and second practical application examples as 
described above can be used as the power supply circuit 
25 of the active matrix type liquid crystal display appa- 
ratus according to the first application example. 

30 [0074] The foregoing power saving mode control cir- 
cuit 26, when the power saving mode is externally spec- 
ified, effects control to lower power supply current in the 
H drivers 23U and 23D and the V driver 24 and reduce 
a current supply capacity of the power supply circuit 25, 

35 as well as effecting power saving mode control on the 
power supply circuit 25. 

[0075] The power saving mode of the active matrix 
type liquid crystal display apparatus includes a partial 
screen display mode (partial mode) in which information 

40 is displayed only in a partial area of the display area unit 
22, a two-level gradation display mode in which eight- 
color display is made with 1 bit for each of R (red), G 
(green), and B (blue), as opposed to a normal mode in 
which 260,000 - color display is madewith 6 bits for each 

45 of R, G, and B, for example, and the like. 

[0076] In the partial screen display mode, for exam- 
ple, of the power saving modes, specific information is 
displayed only in a part, for example an upper part of 
the display area unit 22, while a specific color, for exam- 

50 pie white or black is displayed in a non-display area. In 
the non-display area, it suffices to display information of 
white or black at all times, thus eliminating the need for 
the H drivers 23U and 23D to rewrite information. Ac- 
cordingly, by stopping the H drivers 23U and 23D, power 

55 consumption can be reduced by an amount of power 
that would normally be consumed by the H drivers 23U 
and 23D. 

[0077] Thus, the active matrix type liquid crystal dis- 
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play apparatus in the power saving mode can reduce 
power consumption by stopping operation of the H driv- 
ers 23U and 23D for the non-display area, and also re- 
duce power consumption in the power supply circuit 25 
by reducing the current supply capacity of the power 
supply circuit 25. Therefore, power consumption of the 
display apparatus as a whole can be further reduced. 
Furthermore, since DC-to-DC conversion efficiency is 
defined as power consumption of load/total power con- 
sumption and thus total power consumption = power 
consumption of load + power consumption of the 
present circuit, it is possible to improve conversion effi- 
ciency by reducing the power consumption of the 
present circuit. 

[0078] A specific configuration of a power saving 
mode-capable power supply circuit 25 will be described 
in the following. The charge pump type DD converters 
according to the foregoing embodiments or the practical 
application examples thereof may be used as the power 
supply circuit 25. However, since the power supply cir- 
cuit 25 is not characterized by its specific circuit config- 
uration, the charge pump type DD converters corre- 
sponding to the second conventional examples shown 
in FIG. 5 and FIG. 6 are chosen to be used as a funda- 
mental circuit in this case. Also, setting of the partial 
screen display mode (partial mode) as the power saving 
mode will be taken as an example. 

(Third practical application example of DD converter) 

[0079] FIG. 23 is a circuit diagram showing a third 
practical application example of the charge pump type 
DD converter of the negative voltage generating type. 
In the figure, the same parts as in FIG. 9 are identified 
by the same reference numerals. The charge pump type 
DD converter according to the third practical application 
example is different in circuit configuration from the 
charge pump type DD converter according to the fore- 
going embodiment only in that the charge pump type DD 
converter according to the third practical application ex- 
ample does not have the second clamp circuit 16 (see 
FIG. 9 and FIG. 11). 

[0080] A partial mode control circuit 26* in FIG. 23 cor- 
responds to the power saving mode control circuit 26 in 
FIG. 13 and FIG. 15. The partial mode control circuit 26 f 
outputs a control pulse at an H H M level (high level) in the 
normal mode. When the power saving mode, that is, the 
partial screen display mode is set, the partial mode con- 
trol circuit 26* outputs a control pulse at an "L" level (low 
level) during a period of a non-display area of the screen 
on the basis of externally supplied information specify- 
ing a position of a partial display area and the number 
of lines. 

[0081] The control pulse is one input to an AND circuit 
51 . The AND circuit 51 receives a clock pulse generated 
by a pulse generating source 12 as another input. The 
AND circuit 51 passes the clock pulse only during a pe- 
riod when the control pulse is supplied. The clock pulse 



passed through the AND circuit 51 is applied as a 
switching pulse to a gate common connection point of 
a CMOS inverter 11. 

[0082] Circuit operation of the thus formed charge 

5 pump type power supply voltage converting circuit of 
the. negative voltage generating type according to the 
third practical application example will next be described 
with reference to a timing chart of FIG. 24. Waveforms 
A to E in the timing chart represent signal waveforms at 

10 nodes A to E, respectively, in the circuit of FIG. 23. 
[0083] First, in the normal mode, the partial mode con- 
trol circuit 26' outputs the control pulse at the "H" level. 
Hence, the clock pulse generated by the pulse generat- 
ing source 12 is passed through the AND circuit 51 and 

15 then supplied as a switching pulse to the gate common 
connection point of the CMOS inverter 11. In this case, 
an output potential of a capacitor C1 3, that is, a potential 
of the node D based on the switching pulse is clamped 
by a diode D11. 

20 [0084] When the switching pulse is at an "L" level (0 
V), Pch MOS transistors Qp11 and Qp12 are in an on 
state, and therefore a capacitor C11 is charged. In this 
case, an Nch MOS transistor Qn1 1 is in an off state, and 
therefore a potential of the node B is at a VCC level. 

25 Then, when the switching pulse is at an "H" level (VCC), 
the Nch MOS transistor Qn11 and an Nch MOS transis- 
tor Qn1 2 are in an on state, and the potential of the node 
B is at a ground level (0 V), so that a potential of the 
node C is at a -VCC level. The potential of the node C 

30 is passed through the Nch MOS transistor Qn1 2 as it is, 
and then becomes an output voltage Vout (= -VCC). 
[0085] Next, when the partial mode (partial screen 
display mode) is set, the partial mode control circuit 26' 
outputs the control pulse at the "L" level during a period 

35 of a non-display area of the screen on the basis of ex- 
ternally supplied information specifying a position of a 
partial display area and the number of lines. Then, ac- 
cording to the control pulse at the "L" level, the AND cir- 
. cuit 51 prohibits passage of the clock pulse generated 

40 by the pulse generating source 12. Thus, supply of the 
switching pulse to the charge pump circuit is stopped. 
[0086] Since the switching pulse is not supplied, 
pumping operation of the charge pump circuit is 
stopped. In this case, the current supply capacity (cur- 

45 rent capacity) of the charge pump circuit, that is, the 
present DD converter is reduced to substantially zero. 
Specifically, the current supply capacity of the charge 
pump circuit is in inverse proportion to frequency of the 
switching pulse and capacitance of the capacitor C11. 

50 Thus, stopping the supply of the switching pulse reduc- 
es the frequency of the switching pulse to zero and 
hence reduces the current supply capacity to substan- 
tially zero. 

[0087] It is preferable to set the period for reducing 
55 the current supply capacity (current capacity) of the 
present DD converter as long as possible from a view- 
point of reducing power consumption. It is therefore de- 
sirable to set the period to most, for example 1/2 or 
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more, of the period of a non-display area. 
[0088] As described above, the power supply circuit 
25 formed by the charge pump type DD converter stops 
the pumping operation of the charge pump circuit and 
thereby reduces the current supply capacity of the pow- 5 
er supply circuit 25 during most of the period of a non- 
display area. Thus, an unnecessary through current can 
be prevented from flowing through the charge pump cir- 
cuit during the non-display period when the driver sys- 
tem consumes less current, whereby power consump- 10 
tion of the power supply circuit 25 can be reduced. In 
addition, the reduction of the power consumption of the 
power supply circuit 25 improves DC-to-DC conversion 
efficiency. 

[0089] FIG. 25 shows a configuration of a charge 15 
pump type DD converter of a voltage raising type ac- 
cording to the third practical application example. Fun- 
damental circuit configuration and circuit operation of 
the DD converter of the voltage raising type are the 
same as those of the DD converter of the negative volt- 20 
age generating type. 

[0090] Specifically, in FIG. 25, switching transistors 
(MOS transistors Qp13 and Qn13) are of an opposite 
conduction type from the MOS transistors Qn12 and 
Qp12 in the circuit of FIG. 23; and a diode D11 is con- 25 
nected between another end of a capacitor C11 and a 
power supply (VCC). The circuit of FIG. 25 is different 
in configuration from the circuit of FIG. 23 only in that 
respect. 

[0091] The fundamental circuit operation of the circuit 30 
of FIG. 25 is also exactly the same as that of the circuit 
of FIG. 23. The circuit operation of the circuit of FIG. 25 
is different from that of the circuit of FIG. 23 only in that 
a voltage value 2 x VCC twice the power supply voltage 
VCC is derived as an output voltage Vout. FIG. 26 is a 35 
timing chart of signal waveforms A to E at nodes A to E, 
respectively, in the circuit of FIG. 25. 

(Fourth practical application example of DD converter) 

40 

[0092] FIG. 27 is a circuit diagram showing a fourth 
practical application example of the charge pump type 
DD converter of the negative voltage generating type. 
In the figure, the same parts as in FIG. 23 are identified 
by the same reference numerals. The DD converter ac- 45 
cording to the fourth practical application example is 
provided with a VCO (voltage-controlled oscillator) 52 
in place of the pulse generating source 12 and the AND 
circuit 51 in FIG. 23. Otherwise, the configuration of FIG. 
27 is exactly the same as the configuration of FIG. 23. so 
[0093] In the normal mode, the VCO 52 is supplied 
with a control voltage at an "H" level, for example, from 
a partial mode control circuit 26\ and thereby generates 
a first clock pulse of a predetermined frequency on the 
basis of the control voltage. In the partial mode, the VCO 55 
52 is supplied with a control voltage at an "L" level, for 
example, from the partial mode control circuit 26*, and 
thereby generates a second clock pulse of a frequency 



lower than that of the first clock pulse on the basis of the 
control voltage. The first and second clock pulses are 
applied as a switching pulse to a gate common connec- 
tion point of a CMOS inverter 11. 
[0094] Circuit operation of the thus formed charge 
pump type power supply voltage converting circuit of the 
negative voltage generating type according to the fourth 
practical application example will next be described with 
reference to a timing chart of FIG. 28. Waveforms A to 
E in the timing chart represent signal waveforms at 
nodes A to E, respectively, in the circuit of FIG. 27. 
[0095] First, in the normal mode, by being supplied 
with the control voltage at the "H" level from the partial 
mode control circuit 26', the VCO 52 generates the first 
clock pulse of the predetermined frequency. The first 
clock pulse is supplied as a switching pulse to the gate 
common connection point of the CMOS inverter 11. In 
this case, an output potential of a capacitor C 13, that is, 
a potential of the node D based on the switching pulse 
is clamped by a diode D11 . 

[0096] When the switching pulse is at an "L H level (0 
V), Pch MOS transistors Qp11 and Qp12 are in an on 
state, and therefore a capacitor C11 is charged. In this 
case, an Nch MOS transistor Qn11 is in an off state, and 
therefore a potential of the node B is at a VCC level. 
Then, when the switching pulse is at an "IT level (VCC), 
the Nch MOS transistor Qn11 and an Nch MOS transis- 
tor Qn12 are in an on state, and the potential of the node 
B is at a ground level (0 V), so that a potential of the 
node C is at a VCC level. The potential of the node C is 
passed through the Nch MOS transistor Qn12 as it is, 
and then becomes an output voltage Vout (= -VCC). 
[0097] Next, when the partial mode (partial screen 
display mode) is set, the partial mode control circuit 26* 
outputs the control voltage at the "L M level during a pe- 
riod of a non-display area of the screen on the basis of 
externally supplied information specifying a position of 
a partial display area and the number of lines. By being 
supplied with the control voltage at the M L M level, the 
VCO 52 generates the second clock pulse of the fre- 
quency lower than that of the first clock pulse in the nor- 
mal mode. The second clock pulse is supplied as a 
switching pulse to the gate common connection point of 
the CMOS inverter 11 . 

[0098] Thereafter, on the same operating principles 
as in the normal mode, DC-to-DC conversion operation 
is performed by pumping operation of the charge pump 
circuit based on the second clock pulse, and a negative 
voltage of -VCC is derived as the output voltage Vout. 
In this case, since the frequency of the switching pulse 
is lower than in the normal mode, the current supply ca- 
pacity (current capacity) of the present DD converter is 
reduced. Specifically, as described above, the current 
supply capacity of the charge pump circuit is in inverse 
proportion to the frequency of the switching pulse and 
capacitance of the capacitor C1 1 . Thus, lowering the fre- 
quency of the switching pulse reduces the current sup- 
ply capacity. 
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[0099] As described above, the power supply circuit 
25 formed by the charge pump type DD converter uses 
the VCO 52 as a source for generating the switching 
pulse, and makes the frequency of the switching pulse 
lower than in the normal mode to thereby reduce the 
current supply capacity of the power supply circuit 25 
during most of the period of a non-display area. Thus, 
an unnecessary through current can be prevented from 
flowing through the charge pump circuit during the non- 
display period when the driver system consumes less 
current, whereby power consumption of the power sup- 
ply circuit 25 can be reduced. In addition, the reduction 
of the power consumption of the power supply circuit 
improves conversion efficiency. 

[0100] FIG. 29 shows a configuration of a charge 
pump type DD converter of a voltage raising type ac- 
cording to the fourth practical application example. Fun- 
damental circuit configuration and circuit operation of 
the DD converter of the voltage raising type are the 
same as those of the DD converter of the negative volt- 
age generating type. 

[0101] Specifically, in FIG. 29, switching transistors 
(MOS transistors Qp13 and Qn13) are of an opposite 
conduction type from the MOS transistors Qn12 and 
Qp12 in the circuit of FIG. 27; and a diode D11 is con- 
nected between another end of a capacitor C11 and a 
power supply (VCC). The circuit of FIG. 29 is different 
in configuration from the circuit of FIG. 27 only in that 
respect. 

[01 02] The fundamental circuit operation of the circuit 
of FIG. 29 is also exactly the same as that of the circuit 
of FIG. 27. The circuit operation of the circuit of FIG. 29 
is different from that of the circuit of FIG. 27 only in that 
a voltage value 2 x VCC twice the power supply voltage 
VCC is derived as an output voltage Vout. FIG. 30 is a 
timing chart of signal waveforms A to E at nodes A to E, 
respectively, in the circuit of FIG. 29. 
[0103] The circuit configurations of the charge pump 
circuits used as the fundamental circuit of the charge 
pump type DD converters according to the third and 
fourth practical application examples as described 
above are taken only as an example; the circuit config- 
urations of the charge pump circuits are susceptible of 
various changes, and are not limited to the above circuit 
configuration examples. 

[01 04] Typical methods of supplying a switching pulse 
to a power supply circuit 25 in a display apparatus hav- 
ing the power supply circuit 25 formed by a charge pump 
type DD converter include the following two methods. 
One of the methods uses an oscillator circuit 27 (corre- 
sponding to the pulse generating source 12 in FIG. 9), 
and uses a clock pulse generated by the oscillator circuit 
27 as a switching pulse for the power supply circuit 25, 
as described thus far (see FIG. 31). Direct-current volt- 
age obtained by DC-to-DC conversion by the power 
supply circuit 25 is supplied to a driver unit (23U, 23D, 
and 24) and a timing control circuit 28. 
[0105] The other method uses a horizontal transfer 



clock, which is one of various timing signals generated 
by the timing control circuit 28, as a switching pulse for 
the power supply circuit 25 (see FIG. 32). The horizontal 
transfer clock is a clock signal used for circuit operation 
5 of a horizontal driving system (23U and 23D) within the 
driver unit. 

[0106] The former of the two methods has an advan- 
tage in that the clock signal used for operation of the 
power supply circuit 25 does not need to be taken in 

10 externally, so that the power supply circuit 25 operates 
in a stable manner even when a master clock signal is 
interrupted in the power saving mode or the like. On the 
other hand, the method increases circuit area by an 
amount corresponding to provision of the oscillator cir- 

15 cuit 25, and since synchronization between an oscillat- 
ing clock of the oscillator circuit 25 and a video signal 
displayed on the display area unit 22 cannot be ob- 
tained, the method may cause noise and hence distur- 
bance in the image and the (ike. 

20 [0107] On the other hand, the latter method has ad- 
vantages of being able to reduce circuit area by an 
amount corresponding to omission of the oscillator cir- 
cuit 27 and reduce disturbance in an image and the like 
resulting from noise. However, since the power supply 

25 circuit 25 needs to operate at all times and hence the 
horizontal transfer clock cannot be stopped, the master 
clock signal serving as a basis for the horizontal transfer 
clock cannot be stopped in the power saving mode and 
the like, thus making it impossible to realize an effective 

30 low power consumption mode. 

[Second application example] 

[0108] Provided in view of the above is a display ap- 

35 paratus, for example an active matrix type liquid crystal 
display apparatus according to a second application ex- 
ample to be described below. FIG. 33 is a schematic 
block diagram showing an example of configuration of 
the active matrix type liquid crystal display apparatus ac- 

40 cording to the second application example of the 
present invention. In the figure, the same parts as in FIG. 
15 are identified by the same reference numerals. 
[01 09] The active matrix type liquid crystal display ap- 
paratus according to the second application example is 

45 configured such that a synchronizing signal, for example 
a horizontal synchronizing signal HD in synchronism 
with a video signal displayed on a display area unit 12 
is used as a switching pulse of a power supply circuit 25 
formed by a charge pump type DD converter, and such 

50 that a timing control circuit 28 is integrated on the same 
glass substrate 21 of the display area unit 22. The other 
configuration of the active matrix type liquid crystal dis- 
play apparatus according to the second application ex- 
ample is basically the same as that of the active matrix 

55 type liquid crystal display apparatus according to the 
first application example. 

[0110] The timing control circuit 28 generates various 
timing signals for use by H drivers 23U and 23D and a 
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V driver 24 on the basis of the horizontal synchronizing 
signal HD, a vertical synchronizing signal VD, and a 
master clock signal MCK that are supplied externally. 
For example, the timing control circuit 28 supplies a hor- 
izontal start pulse HST and a horizontal transfer clock 
HCK to the H drivers 23U and 23D, and supplies a ver- 
tical start pulse VST and a vertical transfer clock VCK 
to the V driver 24. 

[0111] The use of the synchronizing signal, for exam- 
ple the horizontal synchronizing signal HD in synchro- 
nism with a video signal as a clock signal serving as a 
basis for switching operation of the power supply circuit 
25 formed by a charge pump type DD converter in the 
active matrix type liquid crystal display apparatus pro- 
vides the following effects. A circuit for generating the 
clock signal does not need to be newly provided, be- 
cause the horizontal synchronizing signal HD is original- 
ly used by the timing control circuit 28. Therefore, area 
of the circuits formed on the glass substrate 21 can be 
reduced. This results in a smaller and thinner liquid crys- 
tal display apparatus. 

[01 12] In addition, the horizontal synchronizing signal 
HD is a result of synchronization separation by an ex- 
ternal synchronization separator circuit (not shown), for 
example, from the video signal displayed on the display 
area unit 22, and hence the horizontal synchronizing 
signal HD is of course in synchronism with the video sig- 
nal. Therefore, noise due to non-synchronization be- 
tween the clock signal and the video signal does not oc- 
cur, and hence the problem of disturbance in the image 
or the like due to the noise is not presented. Thus, it is 
possible to provide a liquid crystal display apparatus 
having an excellent picture quality. 
[0113] It is to be noted that while the horizontal syn- 
chronizing signal HD is used in the second application 
example as a signal in synchronism with the video sig- 
nal, the second application example is not limited to this. 
The vertical synchronizing signal VD, a signal obtained 
by frequency division of the horizontal synchronizing 
signal HD or the vertical synchronizing signal VD and 
the like can be used to provide the same effects as de- 
scribed above because any of the signals is in synchro- 
nism with the video signal. As a power supply voltage 
of the timing control circuit 28, a direct-current voltage 
generated by the power supply circuit 25 can be used, 
but a power supply voltage directly inputted externally 
may be used. 

(Fifth practical application example of DD converter) 

[0114] FIG. 34 is a circuit diagram showing a fifth 
practical application example of a charge pump type DD 
converter of a negative voltage generating type. In the 
figure, the same parts as in FIG. 9 are identified by the 
same reference numerals. A horizontal synchronizing 
signal HD, for example, is supplied as a clock signal to 
the charge pump type DD converter according to the fifth 
practical application example. The horizontal synchro- 



nizing signal HD is inputted to a duty converting circuit 
53 and a pulse generating circuit 54. 
[0115] The duty converting circuit 53 is configured by 
a frequency dividing circuit, for example, and converts 

5 the horizontal synchronizing signal HD into a clock pulse 
having a duty ratio of substantially 50%. The clock pulse 
obtained by the duty conversion of the duty converting 
circuit 53 is supplied as a switching pulse to a gate com- 
mon connection point of a CMOS inverter 11 and also 

10 supplied to the pulse generating circuit 54. The pulse 
generating circuit 54 forms a second clamp circuit 16* in 
conjunction with a Pch MOS transistor Qp1 3 and a level 
shift circuit 15. 

[0116] The pulse generating circuit 54 in the second 
15 clamp circuit 16* generates a clamp pulse on the basis 
of the horizontal synchronizing signal HD and the clock 
pulse obtained by the duty conversion of the horizontal 
synchronizing signal HD by the duty converting circuit 
53. The clamp pulse is applied to a gate of the Pch MOS 
transistor Qp13 via the level shift circuit 15. 
[0117] Circuit operation of the thus formed charge 
pump type DD converter of the negative voltage gener- 
ating type according to the fifth practical application ex- 
ample will next be described with reference to a timing 
chart of FIG. 35. Waveforms A to G in the timing chart 
represent signal waveforms at nodes A to G, respective- 
ly, in the circuit of FIG. 34. 

[0118] At the time of turning on power (at the time of 
a start), a diode D11 first "H M -level-clamps an output po- 
tential of a capacitor C1 3, that is, a potential of the node 
D based on the dock pulse (switching pulse) obtained 
by the duty conversion of the horizontal synchronizing 
signal HD by the duty converting circuit 53 to a potential 
obtained by a level shift by a threshold voltage Vth of 
the diode D11 from a ground (GND) level, or a potential 
of a negative side circuit power supply. 
[0119] When the switching pulse is at an "L" level (0 
V), Pch MOS transistors Qp11 and Qp12 are in an on 
state, and therefore a capacitor C11 is charged. In this 
case, an Nch MOS transistor Qn11 is in an off state, and 
therefore a potential of the node B is at a VCC level. 
Then, when the switching pulse is at an "H" level (VCC), 
the Nch MOS transistor Qn11 and an Nch MOS transis- 
tor Qn 12 are in an on state, and the potential of the node 
B is at the ground level (0 V), so that a potential of the 
node C is at a -VCC level. The potential of the node C 
is passed through the Nch MOS transistor Qn12 as it is, 
and then becomes an output voltage Vout (= -VCC). 
[0120] Next, when the output voltage Vout rises to a 
certain degree (at the time of an end of the starting proc- 
ess), the level shift circuit 15 for the clamp pulse begins 
to operate. When the level shift circuit 15 begins to op- 
erate, the level shift circuit 15 shifts level of the clamp 
pulse of amplitude VCC - 0 [V] generated by the pulse 
generating circuit 54 to that of a clamp pulse of ampli- 
tude VCC - Vout [V], and thereafter applies the clamp 
pulse to the gate of the Pch MOS transistor Qp13. 
[0121] In this case, since the "L" level of the clamp 
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pulse is the output voltage Vout, that is, -VCC, the Pch 
MOS transistor Qp1 3 is reliably brought into an on state. 
Thus, the potential of the node D is clamped at the 
ground level (negative side circuit power supply poten- 
tial) rather than the potential obtained by the level shift 
by the threshold voltage Vth of the diode D11 from the 
ground level. Thus, in subsequent pumping operation, 
a sufficient driving voltage is provided for the Pch MOS 
transistor Qp12 in particular. 

[0122] As described above, the power supply circuit 
25 formed by the charge pump type DD converter uses 
the horizontal synchronizing signal HD as a signal serv- 
ing as a basis for the switching pulse, and is provided 
in an input stage thereof with the duty converting circuit 
53 so that the duty converting circuit 53 brings the duty 
ratio of the switching pulse close to 50%. Thus, it is pos- 
sible to perform more efficient DC-to-DC conversion op- 
eration than when the horizontal synchronizing signal 
HD is used as it is as the switching pulse. 
[0123] FIG. 36 shows a configuration of a charge 
pump type DD converter of a voltage raising type ac- 
cording to the fifth practical application example. Fun- 
damental circuit configuration and circuit operation of 
the DD converter of the voltage raising type are the 
same as those of the DD converter of the negative volt- 
age generating type shown in FIG. 34. 
[0124] Specifically, in FIG. 36, switching transistors 
and a clamp transistor (MOS transistors Qp14, Qn14, 
and Qn13) are of an opposite conduction type from the 
MOS transistors Qn12, Qp12, and Qp13 in the circuit of 
FIG. 34; a diode D11 is connected between another end 
of a capacitor C11 and a power supply (VCC); and a 
level shift circuit 15 is configured to use an output volt- 
age Vout of the present circuit as a positive side circuit 
power supply and a ground level as a negative side cir- 
cuit power supply. The circuit of FIG. 36 is different in 
configuration from the circuit of FIG. 34 only in that re- 
spect. 

[0125] The fundamental circuit operation of the circuit 
of FIG. 36 is also exactly the same as that of the circuit 
of FIG. 34. The circuit operation of the circuit of FIG. 36 
is different from that of the circuit of FIG. 34 only in that 
a switching pulse voltage (control pulse voltage) is first 
diode-clamped at the time of a start and clamped at a 
VCC level (positive side circuit power supply potential) 
at the time of an end of the start process, and a voltage 
value 2 x VCC twice the power supply voltage VCC is 
derived as the output voltage Vout. FIG. 36 is a timing 
chart showing signal waveforms A to G at nodes A to G, 
respectively, in the circuit of FIG. 35. 
[01 26] It is to be noted that while the fifth practical ap- 
plication example uses the horizontal synchronizing sig- 
nal HD as the signal serving as a basis for the switching 
pulse, the vertical synchronizing signal VD can also be 
used. Although frequencies of the horizontal synchro- 
nizing signal HD and the vertical synchronizing signal 
VD differ greatly from each other, the frequency differ- 
ence can be dealt with by changing capacitance values 



of the capacitors C11 and C13. 

[0127] The vertical transfer clock VCK generated by 
the timing control circuit 28 in FIG. 33 can also be used 
as the clock signal serving as a basis for switching op- 

5 eration. Since the vertical transfer clock VCK is a clock 
signal generated on the basis of the horizontal synchro- 
nizing signal HD and is in synchronism with a video sig- 
nal, the vertical transfer clock VCK makes it possible to 
provide the same effects as the horizontal synchronizing 

10 signal HD and the vertical synchronizing signal VD. Fur- 
thermore, the vertical transfer clock VCK is inherently a 
clock signal with a duty ratio of 50%, and therefore the 
vertical transfer clock VCK eliminates the need for pro- 
vision of the duty converting circuit 53, thus providing 

15 an advantage of being able to correspondingly reduce 
circuit area. 

(Sixth practical application example of DD converter) 

20 [0128] FIG. 38 is a circuit diagram showing a sixth 
practical application example of a charge pump type DD 
converter of a negative voltage generating type. In the 
figure, the same parts as in FIG. 34 are identified by the 
same reference numerals. The charge pump type DD 

25 converter according to the sixth practical application ex- 
ample is mounted on a liquid crystal display apparatus 
configured to selectively use the power saving mode to 
reduce power consumption of the apparatus as a whole, 
and uses the horizontal synchronizing signal HD, for ex- 

30 ample, as a reference clock signal for switching opera- 
tion. It is to be noted that as in the case of the fifth prac- 
tical application example, the vertical synchronizing sig- 
nal VD, the vertical transfer clock VCK or the like may 
be used as the reference clock for switching operation. 

35 [0129] The configuration of FIG. 38 is exactly the 
same as that of FIG. 34 except that a two-input AND 
circuit 55 is newly added in a stage succeeding a duty 
converting circuit 53. The two-input AND circuit 55 re- 
ceives a clock pulse obtained by duty conversion of the 

40 horizontal synchronizing signal HD by the duty convert- 
ing circuit 53 as one input, and receives a mode selec- 
tion signal SEL at an "L" level supplied at the time of the 
power saving mode as the other input. 
[0130] When the thus formed charge pump type DD 

45 converter according to the sixth practical application ex- 
ample is supplied with the mode selection signal SEL at 
the "L" level at the time of the power saving mode, the 
AND circuit 55 stops supplying the clock pulse based 
on the horizontal synchronizing signal HD to the interior 

50 of the circuit. This temporarily stops switching operation 
in the present DD converter (pumping operation of the 
charge pump). Therefore, current consumed within the 
DD converter is reduced, thus saving power. The same 
is true for a case where the horizontal synchronizing sig- 

55 nal HD is inputted directly without converting the duty 
ratio of the horizontal synchronizing signal HD (the duty 
converting circuit 53 is omitted). 

[0131] Thus, even when clock supply is temporarily 
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stopped by setting the power saving mode, a control 
pulse, (switching pulse) voltage for a switch device (Nch 
MOS transistor Qn12 and Pch MOS transistor Qp12) 
provided in an output unit is clamped in two separate 
stages at the time of a start and after an end of the start 5 
process, as described above. The clamped level at a 
node D is thereby stabilized. Therefore, it is possible to 
secure a sufficient current capacity even in a period of 
transition to a clock supply/stop, and thus it is possible 
to perform stable DC-to-DC conversion operation. 10 
[0132] FIG. 39 shows a configuration of a charge 
pump type DD converter of a voltage raising type ac- 
cording to the sixth practical application example. Fun- 
damental circuit configuration and circuit operation of 
the DD converter of the voltage raising type are the 15 
same as those of the DD converter of the negative volt- 
age generating type shown in FIG. 38. 

(Seventh practical application example of DD converter) 

20 

[0133] FIG. 40 is a circuit diagram showing a seventh 
practical application example of a charge pump type DD 
converter of a negative voltage generating type. In the 
figure, the same parts as in FIG. 34 are identified by the 
same reference numerals. The charge pump type DD 25 
converter according to the seventh practical application 
example is configured to use both the horizontal syn- 
chronizing signal HD (or the vertical synchronizing sig- 
nal VD) and the vertical transfer clock VCK as a refer- 
ence clock signal for switching operation. 30 
[0134] The configuration of FIG. 40 is exactly the 
same as that of FIG. 34 except that a selector switch 56 
in an input stage of the horizontal synchronizing signal 
HD/vertical transfer clock VCK is provided in place of 
the duty converting circuit 53. The selector switch 56 re- 35 
ceives the horizontal synchronizing signal HD and the 
vertical transfer clock VCK as two inputs, and selects 
the inputs on the basis of a standby signal supplied dur- 
ing a standby period. The standby period is a period 
from when power is turned on to when the other circuits, *o 
that is, the H drivers 23U and 23D, the V driver 24, and 
the timing control circuit 28 shown in FIG. 33 begin to 
operate. 

[0135] In the thus formed charge pump type DD con- 
verter according to the seventh practical application ex- *s 
ample, the selector switch 56 selects the horizontal syn- 
chronizing signal HD in response to the standby signal 
during the standby period. During the standby period, 
the H drivers 23U and 23D, the V driver 24, and the tim- 
ing control circuit 28 are controlled by the standby signal so 
so as to consume current as little as possible. Thus, 
power consumption is reduced. 

[0136] On the other hand, when the selector switch 
56 selects the horizontal synchronizing signal HD, the 
power supply circuit 25, that is, the present DD converter 55 
performs switching operation using the horizontal syn- 
chronizing signal HD as an operating clock to generate 
a direct-current voltage of a predetermined voltage val- 



ue (-VCC and 2 VCC in the seventh example; however, 
-VCC and 2 VCC are a mere example). The direct-cur- 
rent voltages are supplied to the H drivers 23U and 23D, 
the V driver 24, and the timing control circuit 28 as power 
supply voltage. 

[0137] Thus, the timing control circuit 28 generates 
the vertical transfer clock VCK on the basis of the hori- 
zontal synchronizing signal HD. The vertical transfer 
clock VCK is selected in place of the horizontal synchro- 
nizing signal HD by the selector switch 56 after an end 
of a certain period from the turning on of power, that is, 
after an end of the standby period. Then, the present 
DD converter performs switching operation using the 
vertical transfer clock VCK as an operating clock to con- 
tinue DC-to-DC conversion operation. 
[0138] Thus, switching operation is performed using 
the horizontal synchronizing signal HD as an operating 
clock at the time of turning on power, and switching op- 
eration is performed using the vertical transfer clock 
VCK as an operating clock after an end of the standby 
period. Therefore, even when current consumption is in- 
creased after the end of the standby period, it is possible 
to perform efficient DC-to-DC conversion operation 
based on the vertical transfer clock VCK with a duty ratio 
of 50%, and thus obtain a sufficient current capacity. 
[0139] FIG. 41 shows a configuration of a charge 
pump type DD converter of a voltage raising type ac- 
cording to the seventh practical application example. 
Fundamental circuit configuration and circuit operation 
of the DD converter of the voltage raising type are the 
same as those of the DD converter of the negative volt- 
age generating type shown in FIG. 40. 
[0140] The charge pump type DD converters accord- 
ing to the fifth to seventh practical application examples 
have been described above by taking as an example a 
case where the charge pump circuits use a configuration 
in which control pulse (switching pulse) voltage for the 
switch device (Nch MOS transistor Qn12 and Pch MOS 
transistor Qp12) is clamped in two separate stages, for 
example first clamped by the diode D11 of the first clamp 
circuit 1 3 at the time of starting and then clamped by the 
second clamp circuit 1 6* after an end of the starting proc- 
ess. However, this circuit configuration is a mere exam- 
ple; the circuit configuration of the charge pump circuits 
is susceptible of various changes, and is not limited to 
the above example of the circuit configuration. 
[0141] While the first and second application exam- 
ples have been described by taking as an example a 
case where the charge pump type DD converters are 
applied to an active matrix type liquid crystal display ap- 
paratus, the present invention is not limited to this. The 
charge pump type DD converters are similarly applica- 
ble to other active matrix type display apparatus such 
as an EL display apparatus using an electrolumines- 
cence (EL) device as an electrooptic device of each pix- 
el. 

[0142] The display apparatus according to the 
present invention are suitable for use as a display of of- 
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fice automation equipment such as personal computers, 
word processors and the like, television receivers and 
the like, and are suitable especially for use as a display 
unit of portable terminals such as portable telephones, 
PDAs and the like whose apparatus body has been 5 
made smaller and more compact. 
[0143] FIG. 42 is a schematic external view of config- 
uration of a portable terminal , for example a portable tel- 
ephone to which the present invention is applied. 
[0144] The portable telephone according to this ex- 10 
ample has a speaker unit 62, an output display unit 63, 
a control unit 64, and a microphone unit 65 arranged in 
that order from the top down on the front side of an ap- 
paratus casing 61. In the thus formed portable tele- 
phone, a liquid crystal display apparatus, for example, 15 
is used as the output display unit 63. As the liquid crystal 
display apparatus, an active matrix type liquid crystal 
display apparatus formed by integrating a power supply 
circuit formed by the charge pump type DD converters 
according to the foregoing embodiments or the first to 20 
seventh practical application examples thereof on the 
same substrate of the display area unit is used. 
[0145] Thus, a portable terminal such as a portable 
telephone uses as the output display unit 63 the active 
matrix type liquid crystal display apparatus mounted 25 
with the power supply circuits formed by the charge 
pump type DD converters according to the foregoing 
embodiments or the first and second practical applica- 
tion examples thereof. Thus, the power supply circuits 
can obtain a high current capacity on a small-area circuit 30 
scale. The power supply circuits therefore have an ad- 
vantage of being able to contribute greatly to reducing 
power consumption of the portable terminal, and further 
making the apparatus body smaller and more compact. 
[0146] In addition, by using active matrix type liquid 35 
crystal display apparatus mounted with power supply 
circuits formed by the charge pump type DD converters 
according to the third and fourth practical application ex- 
amples as the output display unit 63, it is possible to 
reduce power consumption in the power supply circuits 40 
with a reduction in the current supply capacity of the driv- 
er system at the time of the power saving mode. There- 
fore, power consumption can be further reduced in the 
power saving mode. 

[0147] Furthermore, by using active matrix type liquid 45 
crystal display apparatus mounted with power supply 
circuits formed by the charge pump type DD converters 
according to the fifth to seventh practical application ex- 
amples as the output display unit 63, it is possible to 
reduce size of the apparatus as a whole and reduce so 
noise. It is therefore possible to reduce size of the body 
of the terminal and improve picture quality. At the time 
of the power saving mode, in particular, it is possible to 
reduce power consumption in the circuit system. 

55 

Industrial Applicability 

[0148] According to the present invention, in a power 



supply voltage converting circuit using a charge pump 
circuit having a switch device in an output unit, a control 
pulse voltage for the switch device is diode-clamped at 
the time of a start, and the control pulse voltage is 
clamped at a circuit power supply potential on the basis 
of a voltage outputted through the switch device at the 
time of an end of the start process. Therefore, it is pos- 
sible to provide a sufficient driving voltage for the switch 
device, and thus perform stable DC-to-DC conversion 
operation. In addition, it is not necessary to increase size 
of the device, so that a power supply voltage converting 
circuit having a high current capacity can be realized on 
a small-area circuit scale. 



Claims 

1 . A power supply voltage converting circuit using a 
charge pump circuit having a switch device in an 
output unit, characterized by comprising: 

a first clamp circuit for diode-clamping a control 
pulse voltage for said switch device at the time 
of a start; and 

a second clamp circuit for clamping said control 
pulse voltage at a circuit power supply potential 
on the basis of a voltage outputted through said 
switch device at the time of an end of the start 
process. 

2. A power supply voltage converting circuit as 
claimed in claim 1, wherein said switch device is a 
thin film transistor. 

3. A power supply voltage converting circuit as 
claimed in claim 1, said second clamp circuit char- 
acterized by comprising: 

clamp pulse generating means for generating 
a clamp pulse using a value of the voltage out- 
putted through said switch device; and 
a switching transistor connected between a 
node where said control pulse voltage is sup- 
plied and the circuit power supply potential for 
performing switching operation in synchronism 
with said clamp pulse. 

4. A power supply voltage converting circuit as 
claimed in claim 3, wherein said switch device and 
said switching transistor are a thin film transistor. 

5. A power supply voltage converting circuit as 
claimed in claim 3, said clamp pulse generating 
means comprises a pulse generating source for 
generating a clamp pulse, and a level shift circuit 
for level-shifting a voltage value of said clamp pulse 
to the value of the voltage outputted through said 
switch device and then supplying said clamp pulse 
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to said switching transistor. 

6. A control method of a power supply voltage convert- 
ing circuit using, a charge pump circuit having a 
switch device in an output unit, characterized by 5 
comprising the steps of: 

first diode-clamping a control pulse voltage for 
said switch device at the time of a start; and 
next clamping said control pulse voltage at a 10 
circuit power supply potential on the basis of a 
voltage outputted through said switch device at 
the time of an end of the start process. 

7. A display apparatus characterized by comprising: 15 

a display area unit formed by arranging pixels 
each having an electrooptic device in a matrix 
manner; 

a vertical driving circuit for selecting the pixels 20 
of said display area unit by a unit of a row; 
a horizontal driving circuit for supplying an im- 
age signal to each of the pixels of the row se- 
lected by said vertical driving circuit; and 
a power supply voltage converting circuit for 25 
converting a single direct-current voltage into a 
plurality of direct-current voltages of different 
voltage values and then supplying the plurality 
of direct-current voltages to said vertical driving 
circuit and said horizontal driving circuit; 30 

wherein said power supply voltage converting 
circuit formed by using a charge pump circuit having 
a switch device in an output unit includes: 

35 

a first clamp circuit for diode-clamping a control 
pulse voltage for said switch device at the time 
of a start; and 

a second clamp circuit for clamping said control 
pulse voltage at a circuit power supply potential *o 
on the basis of a voltage outputted through said 
switch device at the time of an end of the start 
process. 

8. A display apparatus as claimed in claim 7, said sec- 45 
ond clamp circuit comprising: 

clamp pulse generating means for generating 
a clamp pulse using a value of the voltage out- 
putted through said switch device; and so 
a switching transistor connected between a 
node where said control pulse voltage is sup- 
plied and the circuit power supply potential for 
performing switching operation in synchronism 
with said clamp pulse. 55 

9. A display apparatus as claimed in claim 8, said 
clamp pulse generating means comprising: 



a pulse generating source for generating a 
clamp pulse; and 

a level shift circuit for level-shifting a voltage 
value of said clamp pulse to the value of the 
voltage outputted through said switch device 
and then supplying said clamp pulse to said 
switching transistor. 

10. A display apparatus as claimed in claim 7, wherein 
said power supply voltage converting circuit is 
formed integrally with said display area unit on an 
identical substrate. 

11. A display apparatus as claimed in claim 7, wherein 
an active device for driving said electrooptic device 
in each of the pixels of said display area unit is 
formed by a thin film transistor; 

said switch device and said second clamp cir- 
cuit of said power supply voltage converting circuit 
are formed by using thin film transistors by an iden- 
tical process with that of said display area unit on 
an identical substrate of said display area unit; and 

a remaining circuit is formed by a silicon chip. 

12. A display apparatus as claimed in claim 7, wherein 
said electrooptic device is a liquid crystal cell. 

13. A display apparatus as claimed in claim 7, wherein 
said electrooptic device is an electroluminescence 
device. 

14. A display apparatus characterized by comprising: 

a display area unit formed by arranging pixels 
each having an electrooptic device in a matrix 
manner; 

a vertical driving circuit for selecting the pixels 
of said display area unit by a unit of a row; 
a horizontal driving circuit for supplying an im- 
age signal to each of the pixels of the row se- 
lected by said vertical driving circuit; and 
a power supply voltage converting circuit for 
converting a single direct-current voltage into a 
plurality of direct-current voltages of different 
voltage values and then supplying the plurality 
of direct-current voltages to said vertical driving 
circuit and said horizontal driving circuit; 

wherein at least a transistor circuit forming 
said power supply voltage converting circuit is 
formed by using an identical process with that of 
said display area unit on an identical substrate of 
said display area unit. 

15. A display apparatus as claimed in claim 14, char- 
acterized in that: 

an active device for driving said electrooptic de- 
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vice in each of the pixels of said display area 
unit is formed by a thin film transistor; and 
said transistor circuit is formed by using a thin 
film transistor. 

16. A display apparatus as claimed in claim 14, wherein 
said power supply voltage converting circuit is dis- 
posed on one of sides on said substrate on which 
sides said horizontal driving circuit is not disposed. 

1 7. A display apparatus as claimed in claim 14, wherein 
said electrooptic device is a liquid crystal cell. 

1 8. A display apparatus as claimed in claim 14, wherein 
said electrooptic device is an electroluminescence 
device. 

19. A display apparatus characterized by comprising: 

a display area unit formed by arranging pixels 
each having an electrooptic device in a matrix 
manner; 

a vertical driving circuit for selecting the pixels 
of said display area unit by a unit of a row; 
a horizontal driving circuit for supplying an im- 
age signal to each of the pixels of the row se- 
lected by said vertical driving circuit; and 
a power supply circuit for converting a single 
direct-current voltage into a plurality of direct- 
current voltages of different voltage values and 
then supplying the plurality of direct-current 
voltages to at least said vertical driving circuit 
and said horizontal driving circuit, a current 
supply capacity of said power supply circuit be- 
ing reduced at the time of a power saving mode. 

20. A display apparatus as claimed in claim 19, char- 
acterized in that: 

said power supply circuit is a charge pump type 
power supply voltage converting circuit; and 
at the time of the power saving mode, input of 
a clock signal serving as a basis for switching 
operation of said power supply voltage convert- 
ing circuit is stopped or frequency of said clock 
signal is lowered. 

21. A display apparatus as claimed in claim 19, char- 
acterized in that: 

said power saving mode is a partial screen dis- 
play mode in which information is displayed on- 
ly in a partial area of said display area unit; and 
the current supply capacity of said power sup- 
ply circuit is reduced during a screen non-dis- 
play period. 

22. A display apparatus as claimed in claim 21, char- 



acterized in that: 

said power supply circuit is a charge pump type 
power supply voltage converting circuit; and 
5 at the time of the power saving mode, input of 

a clock signal serving as a basis for switching 
operation of said power supply voltage convert- 
ing circuit is stopped or frequency of said clock 
signal is lowered. 

10 

23. A display apparatus as claimed in claim 1 9, wherein 
said electrooptic device is a liquid crystal cell. 

24. A display apparatus as claimed in claim 1 9, wherein 
15 said electrooptic device is an electroluminescence 

device. 

25. A display apparatus characterized by comprising: 

20 a display area unit formed by arranging pixels 

each having an electrooptic device in a matrix 
manner; 

a vertical driving circuit for selecting the pixels 
of said display area unit by a unit of a row; 
25 a horizontal driving circuit for supplying an im- 

age signal to each of the pixels of the row se- 
lected by said vertical driving circuit; and 
a power supply circuit for converting a single 
direct-current voltage into a plurality of direct- 
30 current voltages of different voltage values and 

then supplying the plurality of direct-current 
voltages to at least said vertical driving circuit 
and said horizontal driving circuit, said power 
supply circuit operating on the basis of a syn- 
35 chronizing signal in synchronism with a video 

signal displayed on said display area unit. 

26. A display apparatus as claimed in claim 25, wherein 
said power supply circuit is a charge pump type 

40 power supply voltage converting circuit that per- 
forms switching operation on the basis of said syn- 
chronizing signal. 

27. A display apparatus as claimed in claim 26, char- 
ts acterized in that: 

said power supply voltage converting circuit 
has means for temporarily stopping the switch- 
ing operation based on said synchronizing sig- 
50 nal. 

28. A display apparatus as claimed in claim 25, char- 
acterized in that: 

55 said synchronizing signal is a horizontal syn- 

chronizing signal, a vertical synchronizing sig- 
nal, or a clock signal serving as a basis for op- 
eration of said vertical driving circuit. 
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29. A display apparatus as claimed in claim 28, char- 
acterized in that: 

said power supply voltage converting circuit 
has a duty converting circuit for converting a 5 
duty ratio of said horizontal synchronizing sig- 
nal or said vertical synchronizing signal. 

30. A display apparatus as claimed in claim 29, wherein 

the duty ratio of said horizontal synchronizing signal 10 
or said vertical synchronizing signal after duty con- 
version by said duty converting circuit is substan- 
tially 50%. 

31 . A display apparatus as claimed in claim 28, wherein *5 
said power supply circuit operates on the basis of 
the horizontal synchronizing signal or the vertical 
synchronizing signal immediately after power is 
turned on, and operates on the basis of the clock 
signal serving as a basis for operation of said ver- 20 
tical driving circuit after passage of a certain period. 

32. A display apparatus as claimed in claim 25, wherein 
said electrooptic device is a liquid crystal cell. 

25 

33. A display apparatus as claimed in claim 25, wherein 
said electrooptic device is an electroluminescence 
device. 

34. A portable terminal characterized by using, as an 30 
output display unit, a display apparatus having a 
power supply voltage converting circuit, said power 
supply voltage converting circuit, being formed by 
using a charge pump circuit having a switch device 

in an output unit, comprising: a first clamp circuit for 35 
diode-clamping a control pulse voltage for said 
switch device at the time of a start; and a second 
clamp circuit for clamping said control pulse voltage 
at a circuit power supply potential on the basis of a 
voltage outputted through said switch device at the *o 
time of an end of the start process. 

35. A portable terminal as claimed in claim 34, wherein 
said power supply voltage converting circuit is 
formed integrally with a display area unit of said dis- 45 
play unit on an identical substrate. 

36. A portable terminal as claimed in claim 34, wherein 
said display apparatus is a liquid crystal display ap- 
paratus. 50 

37. A portable terminal as claimed in claim 34, wherein 
said display apparatus is an electroluminescence 
display apparatus. 

55 

38. A portable terminal characterized by using a dis- 
play apparatus as an output display unit, said dis- 
play apparatus comprising: a display area unit 



formed by arranging pixels each having an elec- 
trooptic device in a matrix manner; a vertical driving 
circuit for selecting the pixels of said display area 
unit by a unit of a row; a horizontal driving circuit for 
supplying an image signal to each of the pixels of 
the row selected by said vertical driving circuit; and 
a power supply voltage converting circuit for con- 
verting a single direct-current voltage into a plurality 
of direct-current voltages of different voltage values 
and then supplying the plurality of direct-current 
voltages to said vertical driving circuit and said hor- 
izontal driving circuit; wherein at least a transistor 
circuit forming said power supply voltage converting 
circuit is formed by using an identical process with 
that of said display area unit on an identical sub- 
strate of said display area unit. 

39. A portable terminal as claimed in claim 38, wherein 
said display apparatus is a liquid crystal display ap- 
paratus using a liquid crystal cell as said electroop- 
tic device. 

40. A portable terminal as claimed in claim 38, wherein 
said display apparatus is an electroluminescence 
display apparatus using an electroluminescence 
device as said electrooptic device. 

41. A portable terminal characterized by using a dis- 
play apparatus as an output display unit, compris- 
ing: 

a display area unit formed by arranging pixels 
each having an electrooptic device in a matrix 
manner; a vertical driving circuit for selecting 
the pixels of said display area unit by a unit of 
a row; a horizontal driving circuit for supplying 
an image signal to each of the pixels of the row 
selected by said vertical driving circuit; and a 
power supply circuit for converting a single di- 
rect-current voltage into a plurality of direct-cur- 
rent voltages of different voltage values and 
then supplying the plurality of direct-current 
voltages to at least said vertical driving circuit 
and said horizontal driving circuit, a current 
supply capacity of said power supply circuit be- 
ing reduced at the time of a power saving mode. 

42. A portable terminal as claimed in claim 41 , wherein 
said power supply circuit is a charge pump type 
power supply voltage converting circuit. 

43. A portable terminal as claimed in claim 41 , wherein 
said display apparatus is a liquid crystal display ap- 
paratus using a liquid crystal cell as said electroop- 
tic device. 

44. A portable terminal as claimed in claim 41, 
wherein said display apparatus is an electrolumi- 
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nescence display apparatus using an electrolumi- 
nescence device as said electrooptic device. 

45. A portable terminal characterized by using a dis- 
play apparatus as an output display unit, compris- 5 
ing: 

a display area unit formed by arranging pixels 
each having an electrooptic device in a matrix 
manner; a vertical driving circuit for selecting 10 
the pixels of said display area unit by a unit of 
a row; a horizontal driving circuit for supplying 
an image signal to each of the pixels of the row 
selected by said vertical driving circuit; and a 
power supply circuit for converting a single di- is 
rect-current voltage into a plurality of direct-cur- 
rent voltages of different voltage values and 
then supplying the plurality of direct-current 
voltages to at least said vertical driving circuit 
and said horizontal driving circuit, said power 20 
supply circuit operating on the basis of a syn- 
chronizing signal in synchronism with a video 
signal displayed on said display area unit. 

46. A portable terminal as claimed in claim 45, wherein 25 
said power supply circuit is a charge pump type 
power supply voltage converting circuit that per- 
forms switching operation on the basis of said syn- 
chronizing signal. 

30 

47. A portable terminal as claimed in claim 45, wherein 
said synchronizing signal is a horizontal synchro- 
nizing signal, a vertical synchronizing signal, or a 
clock signal serving as a basis for operation of said 
vertical driving circuit. 35 

48. A portable terminal as claimed in claim 47, wherein 
said power supply circuit operates on the basis of 
the horizontal synchronizing signal or the vertical 
synchronizing signal immediately after power is *o 
turned on, and operates on the basis of the clock 
signal serving as a basis for operation of said ver- 
tical driving circuit after passage of a certain period. 

49. A portable terminal as claimed in claim 45, wherein 45 
said display apparatus is a liquid crystal display ap- 
paratus using a liquid crystal cell as said electroop- 
tic device. 

50. A portable terminal as claimed in claim 45, wherein so 
said display apparatus is an electroluminescence 
display apparatus using an electroluminescence 
device as said electrooptic device. 
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